The Elgin field, along with the Franklin and Shearwater fields, are producing Jurassic HP/HT gas condensate reservoirs in the UK Central Graben. They have been shown (Hatchell et al. 2003, Hawkins et al. 2007) to generate significant geomechanical stress changes within the reservoirs and in the surrounding strata. These stresses create velocity and thickness changes that manifest themselves as time-lapse (4D) time shifts. Attempts to invert these 4D time shifts for subsurface stress changes that could impact wellbore stability, or indicate reservoir depletion, have been useful but limited by various reasons. These include things such as: (1) vertical time shifts do not uniquely determine 4D thickness changes from 4D velocity changes; (2) vertical time shift measurements do not provide lateral stress information and (3) attempts to use non-vertical, finite offset time shifts in inversions have been limited by the use of isotropy assumptions. Holt et al. (2005) has measured 4D anisotropy on shale core samples under simulated depletion stress changes. He found the fractional anisotropy change to be more than four times the fractional vertical velocity change, which are in turn normally in excess of five times the fractional thickness change (strain). He also showed that these 4D anisotropy changes increase still further at the edge of reservoirs where the radial stress changes are greatest. Hence 4D anisotropy change may be measurable and relevant. In this paper, a method to estimate the in-situ 4D anisotropy changes generated around the producing Elgin reservoir is discussed and demonstrated. The method compares the offset dependency of observed 4D seismic time shifts with synthetic anisotropic ray-traced time shifts. It requires sufficient well data, or other a priori information, to calibrate 4D vertical compaction in and above a producing reservoir. As well as demonstrating a technique to estimate the average fractional change in anisotropy throughout the reservoir overburden, a scheme is proposed in which the lateral variation of the 4D change in anisotropy parameter delta, and possibly epsilon (Thomsen 1986), may be determined in a qualitative manner. The lateral variation of the 4D change in anisotropy parameter delta at reservoir level is demonstrated. These 4D anisotropy variations may be associated with radial stress changes that Holt et al. suggest are most significant at the reservoir edge. Acknowledgement I thank Elgin operators Total E&P UK & their partners for permission to use the data.
